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Fig.1 Representative leaves of different strains
of Anoectochilus roxburghii
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Fig.3 Strains identification of Anoectochilus roxburghii using the
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Table 1 Precision comparisons of different classification models
%

B 43RBT Classification model
Class LR KNN RF GBDT  Stacking
1 1000 92.44 98.30 94.54 100.0
2 9926  94.17 99.26 83.78 100.0
3 8923 85.40 88.55 92.94 100.0
4 6794  60.66 71.08 79.40 9231
5 7723 7570 72.16 74.80 80.00
6 9390 9435 95.29 75.08 100.0
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Table 2 Recall comparisons of different classification models %

e SR Classification model
Class LR KNN RF GBDT  Stacking
1 1000 9331 99.13 90.44 100.0
2 1000 97.69 99.23 95.38 100.0
3 1000 96.66 91.11 7333 94.44
4 5556 76.67 63.33 64.45 66.67
5 7583 69.17 79.17 95.00 100.0
6 1000 60.00 87.78 63.34 100.0
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Table 3 F1-Score comparisons of different classification models

%
B 7SR Classification model
Class LR KNN RF GBDT  Stacking
1 1000 93.09 98.70 92.40 100.0
2 99.62 9586 99.23 88.82 100.0
3 9428  90.63 89.54 81.92 97.14
4 69.94  67.65 66.38 70.73 77.42
5 7640 7223 75.02 83.44 88.89
6 96.82 7275 68.52 68.52 100.0
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Table 4 Overall average recognition ability comparisons of

different classification models %
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T PEFETH UL SR (Gradient Boosting Decision Tree, GBDT)
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95.39%- 93.52%#01 93.91%, i+ LR KNN. RF 1 GBDT
B, EAJERIB T, Hit—2% )8 Stacking AL B ik
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Abstract: Anoectochilus roxburghii (A.roxburghii) is a rare medicinal herb that mainly distributed in China. It is necessary to
identify strains of A.roxburghii for the guidance of clinical medication, due to different strains distinctly vary in medicinal
values. However, similar leaf morphology has made difficult to discern different strains directly by naked eyes. In this study, a
sub-interval segmentation method was proposed to identify the different strains of A.roxburghii, based on leaf identification
methods. Firstly, 6 strains of A.roxburghii were selected, including Taiwan, Hongxia, Xiaoyuanye, Jianye, Yizhu, Dayuanye. A
total of 317 images with the resolution of 800 X 800 pixels were taken, while two filtering methods were used to remove noise.
The maximum inner variance algorithm was used for automatic threshold segmentation, in order to obtain the binary image. In
the binary image, the leaf contour was drawn, and the mass center of the leaf was calculated. The square area with 150 pixels
centered on the mass center was selected as the sub-interval of the leaf, to obtain the target image with the same position and
size. Secondly, a combination of texture and color features was applied for the target image, in which texture features were
derived by local binary patterns (LBP), gray level co-occurrence matrix (GLCM) and gabor filters, whereas, the color feature
was composed of the first, second and third moments. After that, 114 merged features were obtained. Thirdly, the stacking
ensemble learning was proposed to improve the accuracy of traditional single classifier. The stacking framework consisted of a
base classifier, and a meta-classifier. Logistic regression (LR), K nearest neighbor (KNN), random forest (RF), and gradient
boosting decision tree (GBDT) were used as the base classifiers, whereas, GBDT was used as the meta-classifier for stacking.
Finally, the cross-validation method different from conventional model was used to divide the data set. The original data was
normalized and randomly segmented, where 60% for training and 40% for testing. The training data set was randomly divided
into 5 training subsets, and then testing subset for training each base classifier. The prediction results of base classifiers were
used as the input vectors of the GBDT. The final prediction result was output by GBDT. The experiment results showed that
the average recognition accuracy of the stacking reached 94.49%, while that of LR, KNN, RF and GBDT was 89.13%, 83.15%,
87.56%, 82.36%, respectively. Moreover, the Precision, Recall, and F1-Score of the stacking model for the identification of
Taiwan, Hongxia, and Dayuanye were all 100%. The Recall performance of stacking model was better than any of the single
classifiers for identification of the Xiaoyuanye, just slightly worse than that of the LR and KNN models. The F1-Score of
stacking model reached the maximum in each strain identification, showing the excellent overall performance of the model.
Therefore, the proposed method can significantly improve the classification performances of A.roxburghii with different strains.
The findings can provide a promising application method to recognize leaves of different plants using shape features. A further
research is still necessary to select proper configuration, in order to improve learning efficiency of stacking model.

Keywords: computer vision; models; Anoectochilus roxburghii; sub-interval segmentation; feature extraction; Stacking
ensemble learning; plant leaf
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